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ABSTRACT 


This study examines antennas with a characteristic cardioid radiation pattern, their 
applications to VHF radio communications and their design, construction and perform- 
ance. Structures are investigated using both the Mini Numerical Electromagnetics Code 
NINE) and the Numerical Electromagnetics Code (NEC). A test structure is built, 


test data obtained, and a comparison of test results versus predicted results is made. 
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I. INTRODUCTION 


A. PURPOSE OF STUDY 

In tactical military communications systems it 1s often advantageous for a radio to 
transmit and receive Well in most directions but poorly or not at all in a few directions, 
Or in one sector. Mutual interference from co-sited transmitters operating on adjacent 
frequencies and jamming by enemy electronic warfare activities are typical examples. 
Figures 1 and 2 illustrate these situations. While modern signal processing techniques 
and equipment can do much to reduce or eliminate such interference, two or three deci- 
bels of improvement 1s often prohibitively expensive, impractical, or in the worst case, 
impossible to produce. The use of antenna characteristics to get additional immunitv 
to jamming and interference 1s thus attractive from the standpoints of both cost and 


practicalitv. 


B. METHODOLOGY 

This studv examines a class of antennas having a characteristic cardioidal radiation 
pattern. Such antennas offer the prospect of putting sources of interference in the null 
portion of the radiation pattern, thereby reducing or eliminating the unwanted signals. 
Since 1t 1s usually desirable not to radiate transmitted signals in the direction of the en- 
emy, reciprocity of receiving and transmitting characteristics is an advantage in this case. 

The most common configuration in a tactical communications network 1s that of 
several stations, all within normal transmission range and located in relative directions 
covering up to about 270 degrees of horizontal coverage. This configuration is usually 
dictated bv the operational situation. and is seldom based on communications consider- 
ations. 

Use of directional antennas is often a means of coping with marginal or inadequate 
signal strength, but frequently using such antennas creates new problems. since thev do 
not radiate well in all directions, and are in some cases nearly unidirectional. While such 
antennas are usually available to communicators, their often complex or unpredictable 
patterns of gain and loss (lobes and nulls) frequently makes them impractical to use on 
anv but point-to-point circuits. Development of practical antennas with a single well- 
defined null covering a 45 to 90 degree sector and having as much gain as possible in al] 
other directions is attractive. since it offers the possibility of getting a significant in- 


provement in immunity to jamming and coverage range in most directions. at relatively 
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Figure 2. Typical Electronic Warfare Threat Situation 


low cost. This thesis examines the possibilities for such antennas, develops a design for 
a prototvpe antenna having a characteristic cardioidal radiation pattern, models the 
prototype design over several combinations of ground and structure height, and evalu- 
ates actual performance of the implemented prototype versus predicted performance 
obtained through modeling. 

The performance criteria of interest in this study are the radiation pattern, input 
impedance, and usable frequency range for a single structure. The shape and depth of 
the null in the radiation pattern are of special interest, since that single characteristic 1s 
unique to the category of antennas under study. Specific measures for these character- 


istics are developed when needed. 


IL SURVEY OF PREVIOUS WORK 


A. EARLY FINDINGS 

Antennas with characteristic deep nulls have been known since the early days of 
radio, and are well documented in most texts on basic antenna theory. Review of some 
classic and current texts [Refs. 1, 2] reveals that the desired cardioidal deep null radiation 
pattern may be obtained by correct phasing of currents in the elements of an array of 
elements. Further research of the literature produced several practical structures having 


the desired radiation pattern, along with useful insight on productive lines of research 
HIKEIS. >, J]. 


B. FAMILIARIZATION WITH THE PROBLEM 

Initial simplified studies of two vertical monopoles over perfect ground were con- 
ducted using the Mini Numerical Electromagnetics Code (MININEC) antenna modeling 
program [Ref. 5] running on a personal computer. This preliminary work immediately 
revealed the need to know the characteristic impedance of each monopole and the mu- 
tual impedance between monopoles in order to provide the input arguments required by 
the MININEC program. Appendix A addresses this problem and presents two methods 
Syme can be used to find the necessary information. A few runs of the MININEC 
program provided initial insight into the scope and nature of the design task at hand. 
Figures 3, 4. and 5, each produced using a MININEC simulation of a structure simular 
to one used in Christman's study [Ref. 4] indicate that while a well defined cardioidal far 
field radiation pattern can be obtained using an array of proper dimensions with prop- 
erly phased currents of equal magnitude flowing in the elements, the desired pattern 1s 
essentially a narrowband phenomenon and deteriorates quite rapidly as the frequency 
Varies from that for which the structure was designed. In addition to deterioration of 
the desired radiation pattern. the input impedance of the structure varies over a wide 
range as the frequency varies from the design frequency of the array. 

In order to characterize the results of this study in quatntiative terms, the null depth 
in decibels relative to the front-lobe, the angle over which various null depths were ex- 
hibited, and the input impedance variations that occurred in each of several simulations 
are summarized in tables which follow. While null depth relative to an isotropic radiator 


is of interest from an analytical standpoint, the null depth relative to the gain from the 
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Figure 3. Far Field Pattern of Phased 60 MHz Monopoles at Resonance 





Figure 4. Far Field Pattern of Phased 60 MHz Monopoles Excited at 59 MHz 





Figure 5. Far Field Pattern of Phased 60 MHz Monopoles Excited at 61 MHz 


front lobe of the antenna 1s a more practical and useful measure of deep null effect and 


1s therefore included in the tables. 


Table 1. PHASED MONOPOLES CHARACTERISTICS, ELEMENT 
RADIUS = .001 METER 


-10 dBi -20 dBi 20 dB F.B 
Angle Angle (degrees) 
(degrees) (degrees) (degrees) 


ME Two nulls 





Table 2. PHASED MONOPOLES CHARACTERISTICS, ELEMENT 
RADIUS=.01 METER 
Freg 0 dBi -10 dBi -20 dBi 20O dL F B 
(MHz) Angle Angle Angle (degrees) 
(degrees) (deurces) (degrees) 


* = Two nulls 





Examination of the foregoing tables shows that element radius has an effect on the 
shape of the radiation pattern, and also affects the bandwidth over which appreciable 
nulls are exhibited. The input impedance variations predicted by these simulations are 


sumunarized below: 


Table 3. PHASED MONOPOLES IMPEDANCE VARIATIONS 


Monopole I Monopole 2 Monopole 1 Monopole 2 
Input Z Input Z Input Z Input Z 
i 001 M) | (radīus= .001 M) | (radius=.01M) (radius=.01 M) 
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From this summary of monopole impedance characteristics it can be seen that the 
impedance of both monopoles increases as the frequency of excitation increases and 
drops as the excitation frequency decreases below the structure design frequency. Fig- 
ures 3, 4. and 5 illustrate the deep null performance of the two monopoles. Note that 
these three plots show the narrowband behavior of the structure when the magnitude 
and phase of the excitation voltages are not changed to compensate for changing ele- 
ment and mutual impedances as the excitation frequency varies. The effects of opti- 


mizing these excitations IS explored m larei r ome 


C.. INITIAL PERSPECT ES 

This preluninary investigation indicated that there are many wavs to implement an 
arrav of elements that have the desired characteristics, but also revealed that all the 
methods found have the common disadvantage that their cardioidal patterns are not 
exhibited over a wide band of frequencies and that input impedances vary over a wide 
range. Investigation of dipole arrays and folded dipole arrays did not produce a struc- 
ture of substantially better characteristics. These structures were therefore discarded m 


order to limit the investigation to a manageable scope. 


D. LIMITATIONS OF MININEC 
While a MININEC simulation of monopoles over perfect ground is useful in a pre- 
limunarv investigation, simulation of a phased monopole array over real ground using a 


realistic support structure and a practical feed system is bevond the capabilities of the 


10 


MININEC program. This dictates that the remainder of the simulation work be carried 


Siimusing the Numerical Electromagnetics Code (NEC). 


III. INVESTIGATION 


A. FORMULATING THE PROBLEM USING NEC 

Having narrowed the investigation to a specific monopole arrav using the NEC 
simulation system, a whole new set of requirements arises. First, since this study is orl- 
ented toward study of practical antenna systems, the simulations must be carried out 
over less than perfect grounds. Review of the Antenna Engineering Handbook, Vol. 1 
[Ref. 6] provided the needed dielectric and conductivity values for good. average and 
poor grounds. 

Since the structure must be elevated above the (imperfect) ground in order to pro- 
vide satisfactory line-of-sight coverage, a support structure must be used. Since practical 
antennas must often be erected at varving heights above ground, it is necessarv to sim- 
ulate the structures investigated at varving heights above the terrain. The NEC program 
can easily handle this requirement if the coordinates describing the test structure are 


translated along the "Z" axis (chosen as the vertical axis). 


B. FEED SYSTEM CONSIDERATIONS 

Real antennas must have some feed system, and. in the case of the familv of arrays 
chosen for study using NEC, the feed system 1s a kev consideration. This is dle aon 
critical effects of current magnitude and phase in the elements upon the radiation pattern 
produced. This current phasing ean be accomplished in a variety of wavs. as indicated 
by Christman and Melody [Refs. 7, 8]. Unfortunately, a simple and practical means of 
getting the desired phase and magnitude relationships was not found, and as mentioned 
in the ARRL Antenna Book [Ref. 3: pp. 8-14], a number of designers are still looking 
for a simple and practical means of accomplishing a constant phase equal current feed 
over a wide bandwidth. As a means of further exploration of this problem, the antenna 
feed method of Christman [Ref. 7] was chosen since īt provides a computer program 
which in most cases provides at least one solution which is physically realizable, and 
since it provides a rigorous (but difficult) derivation of the theory behind the published 
program. This program, written by Rov Lewallen, is listed in Appendix B since it was 
central to the work done. 

Finallv, each time the test structure is changed, or the frequency used to excite the 
structure changes, the characteristic impedance of the monopoles and their mutual 


impedance changes. A mechanized way of manipulating the complex impedance matrix 


describing the antenna s characteristics is almost mandatory since it is necessary to in- 
vert the characteristic admittance matrix to get the antenna’s impedance matrix. Once 
the impedance matrix is found, the element impedances and mutual impedances are 
known. and the entry arguments of Lewallen’s feed harness length calculation program 
(Ref. 7] can be supplied. A simple routine to do the required matrix manipulations was 
written using the MATHCAD © [Ref. 9] program running on a personal computer. This 
routine is included at the end of Appendix A. 

At this point, all the necessary tools and information elements were at hand to 
proceed with a NEC-based simulation of phased monopoles over imperfect ground, 


emploving a practical feed system. 


C. EFFECTS OF SUPPORT MAST ON RADIATION PATTERN 

A NEC dataset describing the model to be studied was constructed and initial test 
runs were made. During this sequence of tests it became clear that something was 
wan an that the radiation patterns obtained from the test structure elevated above 
ground by means of a metallic mast were not the same as those obtained earlier at the 
same height without the metallic support structure. Since the support structure was the 
only difference between the two cases, a one meter long insulating section was inserted 
between the metalhe mast and the antenna. This immediately cured the problem, and 
the model then performed as expected. Figures 6 through I 1 illustrate the problem, its 


Heme’, and the resultant radiation pattern. 


D. EFFECTS OF VARYING STRUCTURE HEIGHT 

imorder tO explore the effects of raising and lowering the test antenna. the NEC 
EE was modified by adding the vertical height to be used to all the wire Z- 
@eoremates. est heights of 2.5. 5 and 10 meters were chosen as those most likely to 
be used in practice. The effects of running the program at these heights can be seen in 
Figures 12 through 14. The structure and operating frequency (60 MHz) are unchanged 
and only the antenna height is varied. The deterioration of the deep null is evident when 


HM rticture 1s close to the ground. 


E. EFFECTS OF VARYING GROUND CHARACTERISTICS 

The effects of varving the ground over which the test antenna is used can be simu- 
lated by varving the relative dielectric constant and the conductivity (epsilon and sigma 
values) in the GN card of the NEC dataset describing the antenna and Its environment. 


In order to simulate the full range of conditions that might be encountered in practice, 


Figure 6. Initial Test Structure Geometry 


three cases were chosen: rice paddy (epsilon = 34, sigma = 0.15), average ground 
(epsilon = 10, sigma = 0.003) and poor ground such as desert or rocky areas (epsilon 
= 2.5, sigma = 0.00022). The effects of changing ground characteristics can easily be 
misinterpreted if the angle from the zenith is not considered. To illustrate this hazard, 
Figures 15 through 17 show the patterns obtained over average ground at a zenith angle 
of 80 degrees. The same antenna at the same frequency, but viewed at an angle from 
the zenith of 89 degrees produced the radiation patterns shown in Figures 18 through 
20. The éffect of imperisct ground is clear evident ater sev amales. 

From these plots it is evident that the poorer the ground is, the less the available 
signal strength at very low radiation angles (1.e., theta angles close to 90 degrees). This 
phenomenon holds in general for all antennas over imperfect ground. Its effects on the 


test antenna's radiation pattern are as expected. 


F. EFFECIS OF VARYING GROUND PLANE STRUCTURE GEOMETRY 
Since the input impedance of the test antenna is of interest, the effects of varying the 
angle of the ground plane radials with respect to the radiating elements was explored. 


The NEC datasets used to conduct this study are included in Appendix D, and the plots 
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2 MONOPOLES OVER GROUND PLANE IN FREE SPACE 





Figure 8. Test Structure Elevated by Metallic Mast 
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Figure 10. Insulating Section Inserted in Metallic Support Mast 
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used are included in Appendix C. With each variation of the geometry, it was necessar 
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to recompute the impedance matrix for the structure, in order to adjust the transmission 
line feed harness lengths. The conclusion drawn from this study was that while feedpoint 
imipedances can indeed be varied by changing the angle of the ground plane radials with 
respect to the driven elements, deep null characteristics disappear as the ground plane 
elements are varied from a perpendicular orientation to the driven elements. 

In order to investigate the effect of removing ground plane elements on the structure 
radiation pattern. elements were removed, characteristic impedances found, and 
excitations recalculated and applied to the modified structure. It was found through 
modeling that the ground radials on the ends of the structure could be removed while 
maintaining good deep null performance. vet simplifving the test structure. Figure 23 
Shows this configuration. Subsequent modeling revealed that this structure has deeper 
Mims im most cases than did the initial test structure. Subsequent work was therefore 


done using this structure vice that of the initial test structure. 


G. EFFECTS OF SURFACE WAVES 

morder (0 mwestigate the eflects of surface Waves on the radiation patterns 
feommced bv the test structure, the NEC dataset iwas modified to include surface wave 
effects. This required using the Sommerfeld ground option of NEC. Before running a 
simulation using this option, it 1s necessary to create a ground characteristics lookup 
Baleno use bv NEC during calculation. The table is created by SONINEC which uses 
a data card containing the frequency, dielectric constant. and conductivity values char- 
acteristic of the ground over which the simulation is to be done. The NEC input dataset 
ances O NI NEC data card used are included in Appendix D. 

The results of the surface wave-included study were surprising in that the nulls pre- 
dicted were deeper than those obtained over similar ground without surface wave effects 
included. This result offers the hope that very deep nulls may be encountered during 
field testing of a prototype antenna. 

The effects of varving the test structure height above ground were quite noticeable, 
as can be seen from comparing Figures 2] and 22. While from a visual standpoint the 
difference 1s obvious, from the standpoint of a practical system, the case of Figure 22 


represents a null of over 20 dB. which ts still useful in practice. 








IV. ANTENNA DESIGN 


Å. BASIS FOR DESIGN 

The work presented to this point 1s based on computer simulation of various struc- 
tures under varving conditions and explores certain structures that are likely candidates 
for further development. The structure geometry shown in Figure 23 was chosen for 
construction and further evaluation because of its relative stmplicity and predicted null 


characteristics. 


B. DESIGN CONSIDERATIONS 
In order to keep the mechanical work of constructing the prototvpe antenna to a 
minimum, the following assumptions and decisions were made: 
e A frequency of 60 MHz 1s used as the design operating frequency 


e Half inch copper pipe is used for antenna elements due to its low cost, availability. 
and availability of fittings at nominal cost 


e Belden 8219 type coaxial cable 1s used for the matching harnesses due to its low 
cost and availability 


e An aluminum mast kit with two inch diameter and including a three foot dielectric 
section 1s used to elevate the prototype antenna as necessary 


e Insulating plates are used to support the radiating elements 
e UHF type coaxial connectors are used in building the prototvpe due to ease of as- 
sembly, availability and low cost 
Cs. PROTOTYPE DESIGN 
Having defined the essential characteristics of the prototype deep null antenna, the 
structure detailed by Figures 23 through 27 was constructed, keeping elements as clee 
to a quarter wavelength at the 60 MHz design frequency as possible. A feed harness for 
60 MHz was also constructed. Since the “Tee” connector at the junction of the two 
transnussion line sections and the wire from the connectors at the antenna bases added 
about 3.5 cm to the length, that amount was subtracted from the length of each cable. 
The velocity factor of Belden 8219 cable ts 0.78, and was also included in calculating 
physical feedline lengths for the 60 MHz feed harness. 
In order to facilitate transporting the prototype antenna, hose clamps were used to 


hold elements in place, rather than solder. A wooden mounting bracket was made to 





Figure 23. Structure Geometry of Prototype Deep Null Antenna 


allow connection to the support structure, and an azimuth indicator was made for at- 


tachment to the support mast during field testing. 


D. FEED HARNESS VARIATIONS 

In order to get more usable bandwidth from the prototype antenna a Way of main- 
taining the proper current relationships in the two driven elements at frequencies other 
than the structure design frequency was needed. It was noted that, as the frequency of 
excitation varies from the structure design frequency, the spacing between the driven 
elements departs from the ideal 90 electrical degrees. This effect can be compensated 
by varying the phase angle between excitation currents when calculating feed harness 


lengths using Christman's feed method. Minor adjustments to the current magnitude 
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ratio resulted in feed harness lengths that produced clean cardioidal deep null patterns 
when modeled using NEC. It was noted during this iterative process that the first sol- 
ution from the feed harness length calculation program [Ref. 7] produced feed harness 
lengths that provided clean patterns, while the second solution from the program did not 
produce the desired deep null patterns. Due to the need to keep this work within a 
manageable scope, the cause of this effect was not pursued. 

In order to test the validity of results obtained from NEC modeling, three feed har- 
nesses Were constructed for field testing. The 60 MHz harness length was obtained by 
direct application of Christman’s feed method [Ref. 7], taking into account a 0.78 
transmission line velocity factor and a 3.5 cm correction for the length of connectors and 
Wires in the prototvpe antenna structure. The 55 and 66 MHz harness lengths were 
obtained by applving the compensation method described above, again using a 0.78 ve- 
locity factor and a 3.5 cm correction for connector and wire lengths. The results of these 


calculations and adjustments are summarized in Table 4 below. 


Table 4. FEED HARNESS PHYSICAL LENGTHS 
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E. ANTENNA TESTING 

The objective of this phase of the study was to see if the results predicted through 
computer modeling agree with measurements. To check the predicted results, 1t was 
necessary to measure the far field radiation pattern and the input impedance of the 
prototype structure over a range of frequencies. In order to evaluate potential useful- 
ness of this class of antennas for reduction of either mutual interference due to nearby 
transmitters on adjacent frequencies or reduction of jamming from a transmitter some 
distance away, two cases Were tested, one where the prototype antenna’s far field pattern 
was measured 100 meters away, and a second case where the antenna s pattern was 
measured 1000 meters away. Test data is then compared with predictions and conclu- 


sions dran 
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Figure 24. Prototype Antenna Details, Construction 
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Figure 25. Feedpoint Details 
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Figure 26. Photograph, Completed Prototype Deep Null Antenna 
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Photograph, Prototype Antenna Feedpoint Details 
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ES PEST SETUP 

The setup to be used in the two tests is shown graphically in Figures 28 and 29. 
Volunteer assistants rotated the protoi:vpe antenna and collected data as necessary. A 
hilltop site was chosen to avoid reflections off nearby objects, and a line of sight path 
to the 1000 meter reception site was identified. The ground at the test site was moist 


sandv soil. 
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Figure 28. Test Setup for Measuring Radiation Pattern at 100 Meters 


40 


PROTOTYPE "E 
HILLTOP f A _ 


107 WATTMETER 






VOICE 2 
COORDINATION PRC- 77 
LINK AZIMUTH 

INDICATOR 


1000 METERS 
| VÆ VALLEY 











VERTICAL 
DIPOLE ANTENNA 
CUT FOR 60 MHz 


<a ICOM R7000 RECEIVER 
HILLTOP 


Figure 29. Test Setup for Measuring Radiation Pattern at 1000 Meters 
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V. PROTOTYPE ANTENNA EVALUATION 


Testing of the prototype deep null antenna was conducted both in the laboratory 
and in the field as outlined in the previous chapter. Field tests were done to include the 


effects of real ground in the evaluation. 


Å. LABORATORY TESTS 

Prior to conducting field tests of the prototype antenna, it was considered as prudent 
to conduct some preliminarv tests under controlled conditions to see if the structure and 
feed scheme worked as predicted. This test was accomplished by raising the prototype 
antenna on a mast (with an insulating section), exciting a vertical monopole about 80 
meters away with a signal generator, and using a receiver and rotator-turntable ar- 
rangement to produce a logarithmic polar plot of the received signal strength versus 
azimuth. Figures 30, 31 and 32 show the results of this test. It was discovered during 
the course of this test that the prototype antenna’s actual resonant frequency was 59.25 
MHz vice the 60.00 MHz design frequency. This 1.25%0 departure from the design fre- 
quency was viewed as minor, and the structure was not modified to correct this due to 
test schedule considerations. 

From Figures 30-32 it is evident that the deep null performance of the stuer 
relatively narrowband, and that it deteriorates rather quickly as the frequency of 
excitation departs from the actual resonant frequency of the structure. During this se- 
quence of tests 1t was noted that tuning in a television sound carrier at 59.75 MHz and 
then running a signal strength plot produced patterns that were neither cardioidal nor 
deep null. Since this signal was circularly polarized. the performance of the prototype 
deep null antenna on signals other than vertical linear polarization 1s suspect. Tactical 
VHF radio systems nearly always use vertical near polarization, however, so the pro- 


totype antenna’s response to other types of polarization was not of immediate concern. 


B. FIELD TESTING PROCEDURE 
1. Field Test at 100 Meter Range 
The next stage of the testing procedure was to set up the prototype antenna in 
the field. excite it with an AN,PRC-77 tactical VHF FM radio set and measures 
signal strength at a range of 100 meters. The test antenna was then rotated and another 


measurement taken. This process was repeated at regular increments of azimuth until 
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Figure 30. Laboratory Plot, F= 60.00 MHz, 60 MHz Feed Harness 
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Figure 31. Laboratory Plot, F= 59.50 MHz, 60 MHz Feed Harness 
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Laboratory Plot, F = 59.25 MHz, 60 MHz Feed Harness 


SH 

3 

= 
KO 
Ks 


NG 
YUL 


TT 
HAR 
Fri 


| Å 

ka OS 

O ZE 
RR 
KS 
OZ 

OH 
LT 


(7 


sufficient data to construct a polar plot of the antenna radiation pattern was obtained. 
Signal strength readings were taken from the S-meter of an ICOM-R7000 receiver, and 
recorded on data collection forms. Additional passes through nulls were made as nec- 
essary to get accurate strength readings at the null azimuths. Since the characteristics 
of the receiver S-meter Were not known, the receiver was connected to a signal generator, 
and input signal strength versus S-meter reading data was taken. This allowed all signal 
strength readings to be translated into nucrovolts, and the microvolt readings of signal 
strength at many azimuths were obtained. In order to plot these readings on polar log- 
arithmic graph paper the voltage ratios had to be converted to decibels using the re- 


lationship: 


A 


| 
AB = 20 log = (1) 
l 





where: V, = Reading for azimuth being plotted 


F, = Maximum reading for any azimuth 


The initial test run was done using the 60 MIIz feed harness in order to make 
an early comparison with laboratory results. In order to test the validity of the feed 
harness compensation method outlined earlier, the test structure was next excited using 
the 53 and 66 MIIz harnesses. Signal strength measurements were made for various 
irequencies While again varying the azimuth to the receiving antenna in increments. 

2. Tests at 1000 Meter Range 

In order to test the prototype antennas potential usefulness im eliminating 
signals from jammers located in enemy controlled areas, the receiving setup was relo- 
cated to a hilltop about 1000 meters away, and another series of tests made. Sinte ra- 
diation pattern data and bandwidth measurements were made in detail at 100 meters, 
frequencies were chosen at which good null performance was expected. Feed harnesses 


for 55, 60, and 66 \lllz were used, and data taken. 


C. TEST RESULTS 
l. Results at 100 Meter Range 
In each of the cases tested radiation patterns with substantial nulls were ob- 
tained as shown by Figures 33, 34 and 35. The results obtained during this sequence of 


tests are in general agreement with the predictions obtamed using NEC, and thev show 
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that the predicted deep null behavior can be obtained in practical structures. Further- 
more, the test sequence demonstrated the behavior of the structure and feed harness at 
frequencies above and below the structure and feed harness design frequencies. While 
the figures shown above are indicative of the results obtained, additional test data is in- 
eiuded in Appendix C. 
2. Results of Tests at 1000 Meter Range 

Figures 36-38 show the prototvpe antenna s deep null characteristics at 1000 
meters, and are in good agreement with plots taken at the 100 meter range. Since the 
radiation patterns obtained agree with those obtained for the same configuration at 100 
meters, testing at close range can be done with some confidence that sinular results 


would be obtained at greater distances. 
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Figure 33. Radiation Pattern at 100 M, F= 59.25 MHz, 60 MHz Feed Harness 
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Figure 34. Radiation Pattern at 100 M, F= 53.00 MHz, S5 MHz Feed Harness 
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Figure 36. Radiation Pattern at I Km, F= 59.25 MHz, 60 MHz Feed Harness 
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Figure 37. Radiation Pattern at 1 Km, F 
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Figure 38. Radiation Pattern at 1 Km, F= 66.00 MHz, 66 MHz Feed Harness 


VI. ANALYSIS AND CONCLUSIONS 


A. COMPARISON OF RESULTS TO PREDICTIONS 

Having predicted the performance of the prototype antenna under various config- 
urations, excitations, and environments, and having field tested the antenna under some 
(but not all) of the conditions simulated during computer modeling, some useful con- 
clusions can be drawn and some observations made. 

l. Bandwidth and Standing Wave Ratio (SWR) Characteristics 

The bandwidth characteristics of the prototype antenna are such that current 

military radios can operate into the antenna over a substantial range of frequencies. A 
usable baidwidth of over 20% of the design frequency was predicted, and field testing 
confirmed that prediction. At the resonant frequency of the structure, the SWR was 
computed (based on forward and reflected power readings) as 1.75: 1. This is an ac- 
ceptable SWR for a practical antenna system, but could probably be improved by 
“pruning” the antenna structure for resonance at exactlv 60 MHz. At the edges of the 
usable bandwidth. SWR's of 3.4 : 1 were calculated (agam from forward and reflected 
power measurements). While these values are substantially higher than that obtained 
at the structure resonant frequency, thev are still within the usable range, as demon- 
strated by the ability of the AN PRC-77 radio to work into the prototype antenna dur- 
ing testing. Use of low loss coaxial cable would be advisable in this situation. but even 
with standard RG-S type cable, transmission line losses at the SWR's encountered are 
acceptable. Addition of a simple matching network between the transmitter and trans- 
mission line would be advisable in high power systems, or where the transmitter in use 
is not designed to couple into high SWR loads. Location of a matching device at the 
feed harness “Tee” 1s another possible means of reducing SWR losses and improving 
transmitter matching. 

2. Radiation Pattern Comparisons 

The radiation patterns obtained during field and laboratory testing agreed 

closely with those predicted by NEC modeling. The laboratory plots were much more 
precise than those derived from field data, but overall agreement was remarkably close, 
considering the limitations imposed by construction techniques, measurement equip- 
ment, and normal experimental error. The prototype deep-null antenna appears to have 


considerable potential for development into a militarized antenna for tactical use. Fur- 
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ther testing to better define 1ts performance on signals other than vertical linear 


polarization 1s advisable, however. 


B. RECOMMENDATIONS 


While this study has resulted in confirmation of several predictions, it has also raised 


numerous questions that, due to their nature and the need to limit the scope of this 


study, were not pursued beyond noting their existence and immediate impact on the 


goals of the study as previously defined. These questions include: 


Can Christman’s feed method be replaced with a network optimized for various 
frequencies throughout a desired operational bandwidth? If so, this would offer 
greater control over radiation pattern shape, and might also allow reduction of the 
standing wave ratio seen by the radio attached to the antenna. 


How far can the bandwidth of the prototype structure be stretched using 
Christman's feed method? 


Can the prototype structure be modeled at a higher frequency in order to ease the 
burden of further laboratory testing? 


Can the vertical plane radiation pattern of the prototype structure be modified to 
improve low angle radiation while preserving deep null performance? 

Dilat are the performance characteristics ol the prototype structure on signals of 
polarization other than vertical linear? 


What other structures exhibit deep null characteristics, and are they better or worse 
candidates for development than the structure investigated herein? 


These questions are the basis for further work in this area, and provide an indicator 


of the scope of the subject. 


A 
tay 


APPENDIX A. CURRENT CALCULATION PROCEDURE 


A. PURPOSE 

Both MININEC and NEC require that the specified structure be excited by a volt- 
age of magnitude and phase specified bv the user. Since the antenna radiation charac- 
teristics of interest derive from equal magnitude currents of specific phase relationships 
flowing in the structure elements. a procedure for calculating these excitation voltages 
Is need 

This Appendix describes two procedures by which the required excitation voltages 
mav be found. Since both magnitude and phase are involved, and since the structure 
impedance involves both real and imaginary components, 1t 1s advantageous to do all 
such calculations on a computer. Improved accuracy and less time expended are the 


benefits of this approach. 


B. TWO PORT NETWORK APPROACH 

In order to find the excitation voltage that will produce equal magnitude currents 
of the proper phase relationship. it is necessary to know the admittance of each element 
to be driven, and the mutual admittance between driven elements. This 1s accomplished 
by exciting one element with one volt at a phase angle of zero degrees while shorting the 
other clement to the ground structure. This produces a current value for the driven el 


ement and a current value at the base of the element shorted to ground. 
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Figure 39. Two Port Network. 


Starting with the equation set for a two port network, 


h=Y 4 +4 e 


l, T 12, T, + Tool (3) 


It can be seen that when the other monopole of the structure (the one that is not 


excited) is connected to the ground plane elements, },=0. Thus: 





V=, 


Since the monopoles are identical, 1t follows that 
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The mutual admittance can be found by following the same line of reasoning: 
"aši (6) 
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Note that l, =£ when V,= 0 volt at a phase angle of zero. Since in this case 
current magnitudes in the two monopoles are equal. it can be seen that the admittance 
MANA ANA Ne 
While it is convenient to develop the above argument in terms of admittances, ele- 
ment impedances and mutual impedances are needed when working with Christman's 
feed line matching arrangement [Ref 7]. Bv inverting the admittance matrix the 
impedance matrix can be obtained: 
2 - an 
Zip 41 = ki ln (8) 
La 22 Ya La 
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A MATHCAD ? routine [Ref. 9] was written to accomplish this matrix inversion in 
order to avoid tedium and errors. The impedance values are then accessible for further 
use. The MATHCAD ® routine used is listed at the end of this appendix. When the 
impedance values are found, the feed system described in [Ref. 7] can be calculated using 
the BASIC program presented therein. These transmission line lengths can then be 


moded ue NEE TE RISE 


C. A SHORTCUT METHOD 
While the above method is more general, it is possible to avoid much of the work 
by placing a large resistance in the structure, then exciting it with a known voltage. The 


resulting element current 1s then essentialiv constant, so the impedance can be calculated 


Un 
cn 


directly and then the loading resistance subtracted out. If the loading resistance is high 


enough. the remainder after the subtraction is then: 


liy = 1, Z, (9) 


KG (10) 


These voltages can then be used to excite the two monopoles of the structure under 
study. The correctness of this approach can be easily checked bv looking at the currents 
Mee segments of the two monopoles nearest the ground plane structure. The currents 


should be equal in magnitude and difler in phase bv 90 degrees. 


D. MATRIX INVERSION ROUTINE 


- USE THIS ROUTINE TO FIND MUTUAL IMPEDANCE BETWEEN 
ANTENNA ELEMENTS THEN USE THE MUTUAL IMPEDANCE WITH 
LEWALLEN'S PROGRAM TO FIND TRANSMISSION LINE LENGTHS 
TO GET DESIRED CURRENT RELATION ENPE EP (F=58 MHz HERE) 


28.892 
i := la 011 := =" 2 angle of Il cure 
360 
i O11 
Y11 := .04443 e complex form of II = xI] 
-150.784 
012 = 7777777 2m angle of 12 currènmn 
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Írom symmetry, TI r =y??? and xl” em 
thus the admittance matrix is 
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ARES y by applying Ohm's law 
to the admittance matrix 


20.200 = T4939] 132092 TINO 
2 = 13:052 - 7.0441 26 206 Em 0 IN 


the element impedance for use with Lewallen's program 
is thus Z711 or 212, and the mutual impedance is 
alz or 221 


APPENDIN B. FEEDLINE LENGTH CALCULATION METHOD 


A. PURPOSE 

The experimental approach used in this study makes extensive use of Christman's 
feed [Ref. 7]. In order to provide better documentation of the methods used in this work, 
the program is listed here. The theoretical work that provides the basis for this program 
1s presented in Christman's paper [Ref. 7] and is not repeated due to its length and 


complexity. 


B. BASIC PROGRAM LISTING 


100 REM 

110 REM SIMPLIFIED FEED SYSTEM FOR TWO-ELEMENT ARRAYS 
120 REM ROY W. LEWALLEN, W7EL 

130 REM 7 JAN. 1985 

140 REM 

150 REM ANGULAR CALCULATIONS ARE DONE IN RADIANS; 

160 REM INPUTS AND OUTPUTS ARE IN DEGREES. 

170 REM 

180 PRINT 

190 PRINT 

200 PRINT "R,X OF LEADING ELEMENT (OHMS)" 

ZIOE INPUT R1,X1 

220 PRINT "R,X OF LAGGING ELEMENT (OHMS)" 

PSO INPUT R2,X2 

CO FRINT "MUTUAL R,X (OHMS)" 

EE UNINPUT R3,X3 

260 PRINT "EL. 2:EL. 1 CURRENT MAGNITUDE, PHASE" 

270 PRINT "--PHASE MUST BE ZERO OR NEGATIVE (DEGREES)" 
280 INPUT M,P 

290 IF P<=0 THEN 340 

300 PRINT "PHASE MUST BE NON-POSITIVE, SINCE EL.2 IS" 
310 PRINT "DEFINED AS BEING THE LAGGING ELEMENT" 

320 PRINT 

330 GO TO 260 

340 PRINT "FEEDLINE 1,2 IMPEDANCE (OHMS)" 

350 INPUT F1,F2 

360 LET P1=3. 14159 

FONDET J=0 

380 LET C1=COS(P*P1/180)/M 

390 LET S1=SIN(P*P1/180)/M 

400 LET H=R2+C1*R3+S1*X3 

410 LET A=(R3+C1*R1+S1*X1)/H 

420 LET B=S1*F1/H 

430 LET C=((X3+C1*X1-S1*R1)*H-(X2+C1*X3-S1*R3)*(R3+C1*R1+S1*X1))/F2/H 
440 LET D=F1*(C1*H-S1*(X2+C1*%X3-S1*R3))/F2/H 

500 LET Q=2-(A*A+B*B+C*C+D*D) 

510 LET E=(A*A+C*C-B*B-D*D)/Q 


61 


LET F= 


LET R 
EST 
GOSUB 


2*( A*B+CxD)/0 


=E 
=F 


810 


LET G1=V 
IF US THEN 


LET X= 


ATN(SQR(U“U-1)) 


LET TIS (CID 


IF Tl= 


2D MIEN OŽU 


LET MERI E2 SN 
IF Ti<P1 THEN 640 
LET IST PP] 


LET I=C*COS(T1)+D*SIN(T1) 

LET R=A*COS(T1)+B*SIN(T1) 

GOSUB 810 

IF V=> THEN 690 

LET V=V+2*P1 

IF J=1 THEN 790 

PRINT 

PRINT “" "Z0=": Fle” "OHMS = 2O= 9h O SE 
PRINT " ", TO LEAD. EL." "TO AC 
PRINT " " “ELEGR L. (DEG. yon "ELECT. cL. (DEC D4 
PRINT 

PRINT "FIRST SOLN. ",T1*180/P1,V*180/P1 

VE Ja 

LET X=2%P1-X 

GO TO 590 

PRINT "SECOND SOLN." T1%180/P1,V%180/P1 

GO TO 970 

REM RECTANGULAR-POLAR SUBROUTINE 


LET U=SQR(R“R+I=I) 
IF U=O THEN 870 
IF ABS( UTR) a1 08-7 THENSSO 


LET V=2*ATN(I/(U+R)) 


RETURN 
LET V= 

ETURN 
LET V= 
RETURN 


PRINT 
PENE 
PRINT 
ERE 
INPUT 


IF A$= 


PR 
PRINT 
END 


0 


Fil 


"NO SOLUTION FOR THE SPECIFIED PARAMETERS. " 
"WOULD YOU LIKE TO TRY DIFFERENT" 

“FEEDLINE Z0 SY NN 

AS 

SV FN O 


APPENDIX C. ADDITIONAL TEST DATA 


A. GROUND PLANE STRUCTURE VARIATION PLOTS 


2 MONOPOLES, F=60 MHZ, THETA=120 DEG, 6 GROUND 
RADIALS DROOPED AT 120 DEG (STRUCTURE 28) 


NU 


VE 


E aa 


SP 


W 


N 
w 
2 
q 
: 1 


» 


li 
L 
e 
IN 

IN 


| 


I 
| 


| 
J 


—% 


O 


N33 


$ 


TT 


IMS 


18 


240 120 


CE 


210 


= 





Figure 40. Radials Drooped at 120 Degrees from Monopoles 
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B. ADDITIONAL LABORATORY PLOTS 
Il. 55 MHz Feed Harness 
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Figure 43. 55 MHz Harness, F= 53.75 MHz, Laboratory Plot 
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Figure 44. 55 MHz Harness, F= 54.00 MHz, Laboratory Plot 
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55 MHz Harness, F = 54.50 MHz, Laboratory Plot 


Figure 45. 
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55.00 MHz, Laboratory Plot 
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2. 60 MHz Feed Harnes 
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Figure 47. 60 MHz Harness 
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Figure 48. 60 MHz Harness, F= 59.00 MHz, Laboratory Plot 
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ure 49. 60 MHz Harnes 
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Figure 50. 60 MHz Harness, F= 60.00 MHz, Laboratory Plot 
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Figure 51. 60 MHz Harness, F= 60.50 MHz, Laboratory Plot 


3. 66 MHz Feed Harness 
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66 MHz Harness, F= 64.00 MHz, Laboratory Plot 
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Figure 53. 66 MHz Harness, F # 64.50 MHz, Laboratory Plot 
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Figure 54. 66 MHz Harness, F= 65.00 MHz, Laboratory Plot 
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Figure 55. 66 MHz Harness, F= 65.50 MHz, Laboratory Plot 
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Figure 56. 66 MHz Harness, F= 66.00 MHz, Laboratory Plot 
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Figure 57. 66 MHz Harness, F= 66.50 MHz, Laboratory Plot 





A. 


APPENDIX D. NEC DATASETS 


ELEMENT ADMITTANCE AND MUTUAL ADMITTANCE 


The dataset below was used to find the currents at the bases of the two monopoles 


of the test structures investigated. The current in segment one of tag one is the element 


admittance, and the current in segment one of tag two (the base of the other monopole) 


1s the mutual admittance. These admittance values are used as shown in Appendix A 


epa the impedance matrix for the test structure. 


CM 
eM 
CM 
CM 
CE 
GW 
GW 
GW 
GW 
GW 
GW 
GW 
GW 
GW 
GE 
FR 
EX 
Pi; 
RP 
XQ 
EN 


TEST STRUCTURE #1. TWO QTR WAVE MONOPOLES ABOVE AN ARTIFICIAL 
GROUND PLANE WITH RADIALS AT 90 DEGREES TO DRIVEN MONOPOLES. 
ONLY ONE MONOPOLE DRIVEN 

ENTIRE STRUCTURE ELEVATED 10 METERS ABOVE GROUND. 


0.625,10,0,0. 625,11. 25,0. 006 
-0. 625,10,0,-0. 625,11. 25,0. 006 
0.625,10,-1. 25,0. 625,10,0. 006 
oe 51001875 10,0.006 
0.625,10,1. 25,0. 625,10,0. 006 
EE io 0 006 
Kees D 925 10000006 
-0.625,10,0,-1. 875,10,0. 006 
cee aI) 0 10,0: 006 


GROUND RADIALS AT 120 DEGREE ANGLE TO MONOPOLES 


This dataset was used to investigate the effects of putting the ground radials at an 


angle of 120 degrees to the monopoles. The corresponding radiation pattern plot is in 


Appendix C. 


TEST STRUCTURE #2. TWO QTR WAVE MONOPOLES IN FREE SPACE 
WITH RADIALS AT 120 DEGREES TO DRIVEN MONOPOLES 
MONOPOLES DRIVEN VIA TL SECTIONS TO GET PROPER CURRENTS 


0,0. 625,0,0,0. 625,1. 25,0. 006 
0,-0.625,0,0,-0. 625,1. 25,0. 006 

0,0. 625,0,-1. 083,0. 625,-0. 625,0. 006 
GO; 


1,5 
2,5 
35 6 

4,5 625,0,0,1.708,-0. 625,0. 006 


3 
3 
2 
3 


SI 


GW 5,5,0,0.625,0,1.083,0. 625, -0. 625 ,0. 006 

GW 6,5,0,. 625,0, Jo DR o 006 

CSN 0. 625,0,1.083,-0. 625,-0. 625,0. 006 
GW 8,5,0,-0.625,0,0,-1. 7088002540 006 

GW 9,5,0,-0.625,0,-1.083,-0. 625,-0. 625,0. 006 
GW 99,1,10000, 10000, 10000,10000,10000. 05, 10000,5E-4 
GE 

FR 0,0,0,0,60 

TL 1,1,99,1,50,1. 336.0 000 

TL 2,1,99 1 s0 SN 

EX 0190 O 

PL. 3.25002 

RP 0,1,361,1501,90,0,0,1 

XQ 

EN 


C. GROUND RADIALS AT 135 DEGREE ANGLE TO MONOPOLES 
The dataset below was used to find the effects of drooping the ground radrals at an 
angle of 133 degrees from the radiating monopoles. The radiation pattern plot for this 


dataset 1s in Appendix C. 


CM TEST STRUCTURE #3. TWO QTR WAVE MONOPOLES IN FREE SPACE 
CM WITH RADIAES AT 135 DEGREES TO PRINESNSNONOPORESN 
CM MONOPOLES ENTEN T STREET 


CE 

GW 1,5,0.0. 625.0 010.625 1. 25 YO ande 

GW 2,5,0,-0.625,0, a 0) 625, 1. 25,0. 006 

GW 3,5,0,0.625,0,-0. 884,0. 625,-0. 884,0. 006 
GW 4,5,0,0.625,0,0,1.509,-0. 884 ,0. 006 

GW 5,5,0,0.625,0,0.884,0.625,-0. 884,0. 006 

ne S0 GC Dec ‚0,0. 006 

GW 7,5,0,-0.625,0,0. 884, SO 625,-0. 884,0. 006 
GW 8,5,0,-0.625,0,0,-1.509),-0.884. 00008 

GW 9,5,0,-0.625,0,-0.884, -0. 625,-0. 884,0. 006 
GW 99,1,10000,10000,10000,10000,10000.05,10000,5E-4 
GE 

FR 0,0,0,0,60 

TL 1,1,99,1,50,1.256,0,0,0,0 

TL 2 1 09 AO 00050 

EX 01 991,0 816 

PL 3,2,0,4 

RP 0,1,361,1501,90,0,0,1 

XQ 

EN 


D. 


GROUND RADIALS AT 150 DEGREE ANGLE TO MONOPOLES 


The following dataset was used to investigate the effects of drooping the ground 


radials at an angle of 150 degrees from the radiating monopoles. The radiation pattern 


plot for this dataset is in Appendix C. 


CM 
CM 


CE 


E 


TEST STRUCTURE #4. TWO OTR WAVE MONOPOLES IN FREE SPACE 


WITH RADIALS AT 150 DEGREES TO DRIVEN MONOPOLES 
BOTH MONOPOLES EXCITED VIA TL SECTIONS 
AAA 
2,5,0,-0.625,0,0,-0.625,1. 25,0. 006 
3,5.0,0.625,0,-0. 625,0. 625,-1. 083,0. 006 
4,5,0,0.625,0,0,1.250,-1. 083,0. 006 

5,5,0,0. 625,0,0. 625,0. 625,-1. 083,0. 006 

ERE 0 625 0.0. -.625,0,0. 006 

Mo 01625 0,0. 625, -0.625,-1.083,0. 006 

ERE 0 -0 625 0.0,-1. 250,-1.083,0. 006 

ME 0 625 6 0 625,-0.625 -1.083,0. 006 
99,1,10000, 10000, 10000, 10000,10000. 05,10000,5E-4 
MA 99” 1.50, 1. 214,0,0.0,0 

0 99. 1 50,1.662,0,0,0,0 

0,0,0,0, 60 

DE 1 0,1,0 

BED 0.4 

0,1,361,1501,90,0,0,1 


TEST STRUCTURE SIMULATION OVER IMPERFECT GROUND 
DAC EC dataset below was used to add the effects of imperfect ground to the test 


Structure model. 


CM 
CM 
CM 
CM 
CM 
CM 


GW 


TEST STRUCTURE #1. TWO QTR WAVE MONOPOLES ABOVE AN ARTIFICIAL 
GROUND PLANE WITH RADIALS AT 90 DEGREES TO DRIVEN MONOPOLES. 
CURRENT FEED ACCOMPLISHED USING TwO TL SECTIONS. 

ENTIRE STRUCTURE ELEVATED 10 METERS ABOVE GROUND. 

9M MAST WITH 1M INSULATING SECTION SUPPORT USED. 


GOOD GROUND: EPSILON=34, SIGMA=. 15 
1,5,0,0.625,10,0,0. 625,11. 25,0. 006 
2,5,0,-0.625,10,0,-0. 625,11. 25,0. 006 
3,5,0,0. 625,10,-1. 25,0. 625,10,0. 006 
4,5,0,0.625,10,0,1.875,10,0. 006 

fs 00.625 10,1. 25,0.625,10,0.006 
BE 06100 -. 625,10 0.006 

BE 0000: 10 1.25, 0 625 10,0. 006 
DE O0 000 1 875,10.0. 006 
PE 25 10.125 0 625 10,0.006 
105 0,0:0.0,.0,9,.02 


83 


GW 99,1,10000,10000 1000010000, 1000005 TOUCHES TEE 


GE 

FR 0,0,0,0,60 

EN 000.0 2205 

TL 11 991 50 POP ONS 
TL: 2,1,99 1 50 22 One 
EX 0,99,1,0,1,0 

pe ON 

RP 0,1,361,1501,80,0,0,1 

XQ 

EN 


F. SURFACE WAVE MODEL OF PROTOTYPE ANTENNA 

The NEC dataset below was used to model the prototype antenna over imperfect 
ground with the effects of the surface wave included. Note that prior to using this list- 
ing, it Was necessary to create the required lookup table of ground characteristics using 
SOMNEC. The SOMNEC card required to get a lookup table for poor ground 1s shown 


below. 


26 00022000 


- 


Note that the epsilon. sigma and frequency values (2.5, 0.00022, 60), must match time 


mache SEC Ne a ce 


CM SURFACE WAVE STUDY-- TWO QTR WAVE MONOPOLES ABOVE AN ARTIFICIAL 
CM GROUND PLANE WITH RADIALS AT 90 DEGREES TO DRIVEN MONOPOLES. 

CM CURRENT FEED ACCOMELISHED USINS Gi SECTIONS: 

CM ENTIRE STRUCTURE ELEVATED 10 METERS ABOVE GROUND. 

CM 9M METALLIC MAST WITH 1M INSULATING SECTION USED. 

CM SURFACE WAVE INCLUDED VERSION OF GP10M3B STRUCTURE 

CM GROUND CHARACTERISTICS: EPSILON=2. 5, SIGMA=. 00022 


CE 

GW 1,5,0,0. 625105 0306251822 (000 

GW 2,5,0,-0.625,10,0,-0.625,11. 25,0. 006 
GW 3,5,0,0.625,10,-1. 25,0. 625,10,0. 006 
GW 5,5,0,0.625,10,1. 25,0. 625 ,10,0. 006 

GW 6,5,0,.625,10,0,-. 625,10,0. 006 

GW 7,5,0,-0.625,10,1.25,-0. 625, 10,0. 006 
GW 9,5,0,-0.625,10,-1.25,-0. 625, 10,0. 006 
GW 10,5,0,0,0,0,0,9,.02 

GW 99,1,10000,10000,10000,10000,10000. 05,10000,5E-4 
GE 

FR 0,0,0,0,60 

GN 2,0. 0. 0,2 5 01072 

TL 1,1,99 150027067 000040 

TL 21,991 5098128 050 DIT 

EX 0,99,1,0,165.567,0 

PIE SU 


Så 


This dataset produces all data needed to plot the vertical, horizontal and radial compo- 
nents of the total field at the specified observation points, 1000 meters from the test 


antenna in this case. 


tw 


6. 


LIST OF REFERENCES 


Kraus, John D., Antennas, McGraw-Hill Book Co., New York, 1950. 


Jordan, Edward C. and Balmain, Keith G., Electromagnetic Waves and Radiating 
Systems, Prentice-Hall, Inc., Englewood Cliffs, MJ, 1968. 


American Radio Relay League, The ARRL Antenna Book, 15th ed., American Ra- 
dio Relay League, Newington, CT, 1988. 


Christman. Al, “Elevated Vertical Antenna Systems,” OST, v. 72, pp. 35-42, Amer- 
ican Radio Relay League, Newington, CT, August 1988. 


Logan. J. C. and Rockwav, J. W., The New MININEC (Version 3): A Mini- 
Numerical Electromagnetics Code, Naval Ocean Systems Center, San Diego, CA, 


Seprember sc, 


Breakall. J. K. and others, Antenna Engineering Handbook, v. 1, p. 19, Lawrence 


Livermore National Laboratory, Livermore. CA, 1987. 


Christman, Al, “A Voltage-matching Method for Feeding Two-tower Arrays,” 


IEEE Transactions on Broadcasting, v. BC-33, No. 2. pp. 33-42, June 1987. 
Melody, James V., ”An HF Phased Array Using Twisted-wire Hybrid Directional 
Couplers,” ARRL Antenna Compendium, y. 1, pp. 67-71, American Radio Relay 


League Sauneten © lags, 


Mathsoft Inc., MATHCAD Users Manual, Mathsoft, Inc., Cambridge, MA. 1988. 


Go 


10. 


INITIAL DISTRIBUTION LIST 


Defense Technical Information Center 
Cameron Station 
Alessandria VÄ 22304-6145 


Library, Code 0142 
Naval Posteraduate School 
Monterey, CA 93943-5002 


MS arme Corps 

Research. Development and Acquisition Command 
Marine Corps Combat Development Center 
Quantico, VA 22134 


Communication Officers School 
Marine Corps Combat Development Center 
Quantico, VA 22134 


Koles or R: W. Adler 
Code 62Ab 

Naval Posteraduate School 
Monterev, CA 93943 


Pio essor I. K. Breakall 
Gade 02BK 

Naval Posteraduate School 
Monterev, CA 95945 


Commandant of the Marine Corps 
Code TE 06 

Headquarters U. $. Marine Corps 
Washington. D.C. 20350-000 1 


Major K. A. Vincent USMC 

PT ernunal Systems) COMMYAAW Code C2C 
MCRDAC 

Quantico, VA 22134 


Professor Al Christman 

Electrical Engineering Department 
Move City College 

Grove Giv PA 16127 


Commander 

L.S. Army Information Systems Engineering Command 
ASB-SET-P (Janet McDonald) 

Fort Huachuca, AZ S3613-3300 


cars 


to 


" 


Cant R Gillespie sie 
Development Center 
Gen 

MC DEC 

Quantico. VA 22134-5080 


Gerald A. Clapp 

Code SOS 

Naval O¢eaness stems Genter 
271 Catalina Boulevard 

San Dieco C ATI? 


Jim Logan 

See 22200) 

Naval Ocean Systems Center 
271 Catalina Boulevard 

San Dieco CA2 


Chairman Code 62 

Department of Electrical and Computer Engineering 
Naval Postgraduate School 

Monterev CN 95915-5000 












Thesis 
V6865 
Cel 





Vincent 

Deep null antennas and 
their applications to 
tactical VHE radio 
communications. 



















L bp La CCI A sf A 
odela tik rara l go is AL LIT LOT PUS Dre i 1 P ta På 0 
AE ET ATE AYA YE ra DOE AYE an > as bir r L Eu; f 4 
ROE nd ler tege opne rd Ver | Deep null antennas and their application ” Er 
Va An AAA YE W EE RC iR T OU AS ETA LIT Mie sul 4 ; ” BEN : : LET: : i 
Y AN TELTE FIL TS F RS C TAS | | i | || TT HAN HØR 1 Eh 
pk HT A ai M ra RSP ke a str E A CPE mais | i | (IA! p te 9 sed ou, 
SAT AT rå | ļ | DE Ka era n a 
Cdi ANAYA ra 7 Y R | "AT a T NG . n 
deal N re oor TL p UEN TEE 1 | i | | | | | ' 5. MOE a vert M n 
L IATA TA i | | | | “1 L , mn I L Ci 4 ¿ L 
Fe > ! AT, LRO CRE EF SE LAL HD | LAT da? VER | DUO ANNE Ete We 
body! LA ® ' T 4 i | | ihi A s 9 . 
tand Mi HTC rs m PPK | | ' | LE BU BAN Ķ p o (fe ee fb 
LT Me TE EE ETE P A Is R 
Fe ri ilus AU TD KÖRA å CA u T TP A - A A 
RE Nea 3 2768 000 81965 0 PB NE ie 
TT TS STAT] . A 14 , 
Mas, ACER EC OU LJ 


















Mr TKS IR Le NG 
Rø ties Ye PETER SE 
UK 4 IELA) 
À. if. BA LJUDET DDRS ry 


ere e GA RA KAT AE ASWÈ Mee DUDLEY KNOX LIBRARY ARI” DKD U u 
i | 


LIT 
LIT LE SKK Fe 














































































































































































































































































































































































































R 1 LJ 
h ji PALA CS v DW . 
OOS! rt pee CAT sA PN Pe Yi ai å E 
i oh RUN DEEE] Arua! ida Å (a AAR PTT Pe tari ON? POT mri 5 E AF eea nT er | i 
RE A PAR IN A SA TO Editar PA a ES KA or OR 
ee CETTE Je kn Te aks kak at kai OD EO et EE A 
SAI ES TO PW Pret PE RA pet PR ie rt 
a a IRA A es ANITA y viņ Atā Et «x M 
es LR ee ANA PA ms de s 4 Lee Tf 2 MAD 4.6 WSL As GA A test artes id E 
rial AS PT or x a a M iv) RETRO ATR ET APT I ET y p 
bare ARE o ee TUE KEEP EP EE EYA? MA - a 
RSR ET CAE a 5 $ TT EE # NTT KES 
LOW PT TT EN A n ETE TRO S a rar? > ' 
AA PAT A ARTO ` Pa VE + RT ETES PT ba, ÅL pē 
AT Ali A A Pra A GJE TT NT RCE UN COTE E TT N # 
ad Fè pik TELET bag er pe bi re OTTEN ME 3m Er KE TERRE ETE VP D PORT PCR ni 
A ar er O E AAN AA A CO EA IA AA NP ICA A 
TAN TN LATE TI PUSE) TUPA AE AF Mar OE EE DOE EN L 
TT II II LOT e KAYE FIY Ti i PITS AAS OE TRENE URE EE 4 ‘ 
TENT DIER e ad tebe FW VT # Ala bs A LALIN IT DOT S JU seen ne = 
Vuda LAL ALĀ AL TOULE L NI RE ODE MI nn 
AA daba fal odi: asā TE (708 18, 11 K er Rise. ELU , 
ANA RATITO dsi IP DET SEE regn Tøn M 
Bhd NILA pat a fired ma OR Boo Me At BU A pati à 
MT de TT On IYE KIRASO KON KOK a PER AL. 2 M È e 
Do vis LA ES PA CUS En. des yal A AO 
ELLE TESTER EN Eat arr ETE AG 
LAN ARANA FÖRLITAR TAN TE A 
mw de d DA rts Ay n tot A OF YE AF 
Le LT LE S LARP TT à wo iq y TA LI Cr CUIT FET > ' 
kg eee e mè ad w Te as EP A dni AO a ATA Y PP) 
AA O N COTE) (LAKPOTEITET PE NET JOE TTU LA NET AA GET Yi 011 € qee: ] 
PT IES ae II?) alèt han grid ELO a a a dado PT EK 
ai seccion OTEL pt ös a Part pete yeas T NY ENE SE p 
OY ka GE TAT A FRET dør, R 4 kòs, u) AA K, 
U Da tit on eny ANA Å ; CEO en DET EUA na PT ET få sk 
CRT ee ES PET PP WO SEA SITE ET F ie CMA NW ane an pe 
We nn AT he + AA OE MURER SE PRE 
arms Ao ida NA a Ao, ROS ANTAS AR ee AA: R OE n 
CAL ET øl aero O SR PA ER LITE TORE nar TE i 
ser dale bat Års sk phe tos prn vi CT JE SE TU TET ER 4 o 
rales da e pt a id AT PTE EE MM EE PS ` 
a OR EE ECTS IEEE E St F 
VL RETT LEE TATU OED ? À s A 
ng A n APA Mt ED AEE OUR TET] vēnu kis DCR ET Pu. n A A na 4 ft 
APT DATE re ze de VA oe Du SOK OE GET OE OE tr a. n (sy DW , FT n . g Li a s $ . 
pe ET ET OSO PT LV ODT LOC VT LE EE SE PE Šu ui e nn a ‘ ' 
$ rer parīt = i TA Ta sad IPTC ECO EEE A CPV UA PT AA a EN A a | M a 
ne aalok TC 2 Py Ue tit ATTE PANTAY sd VE OPE ET REP A) jg ei e P 3 i F Ka 
ANA EC CRETE CUTTER PAT SRL ALTEC PA AA PAN PE Ps A A M m 5 A y 
dd sa el IR PP STETI IS ET E | 
ECS TL KDS BOURSE DER PAA RTE TT: x 
OT TS TE AE ada a IO rar o y n 
en EP PE TER AL EE APT PK EU VIS TSE" V GAT OUR AA PT ù 
$ STE JET TE TET EE CIT U PU PV w a sè di w 
` ka ULI EE ER OLT UP I Ze ce LATE TOR Pr 
| OT LE PE PD PE PPT HITO AT A 
EE Tā Li W WA A UTE TT A Ni 
Pronde aba y TAS FELL PETR FET ey Ke? sf 
å MAGZ TGA ER A p ‘ å A 
A Yon; sab Dè SAN n = DE PEPE OPE 
Pe CA UP PAG PUP 4 PTE" PITT N tè a šā Ped PG på 
A CO AE IRA ASS AO far Fro i 
A a Mè miksu PAO TIPON A K 
= ve He CS CRC KONAK OLA SE DO AA A AR n E 
Just dd NGO UTIN NERI Pan PT” 
PAO ANS tw Pak TD n 


RET VT KEEP 
bagal wb nalo Peles 

TAPPRE AY 
OE OT EE EP ' 


OE 
TL OE PET 
ksin s edir d. tfa, 





"NP HO. UK 
i hye dis 
s 


gå 


ee Jr gt Sai 
SA, 


vans 
å n 
ØP MG 


3 4 Må > 
Tar re a+ 




























SD 
SEN pe : 3 EL Tikes aes rel 
BR a ati oy RAE PA 


UTE PPT J J 
PGA KAPA J C 
rn EIER 
"Du w F x: V ad V ve. e « 
A Ike PW a hør; LAK AL ELEIT qi et jl ibe 
Ti FAR Y it AE 
ESA ET PWAN TA MAA TE 
PAS NO t is ta «Fu rå A a A PE 
Fe LE JP RR Lo et A ANAL AY 
NG Di id e RARE P datt EYR ; 
LA Gat: E OYE 
SA L 
på 
















give Mo. 

R AN TOP UPA 
A PE PAPE 
CLP PET ET | F 
ør 



































n at dha A 
PS PAR WA 





byt 
DA 


DE 


ka 










| 


a, 

apa SR 
E 

ET ad L 

















y 


PT CEA 






kòk la kak ke vié DELA E 

PANG aa Pa 
AP ng NRA nr 
oe, ET re 

















, Ļ AE L 2 elle ds de Laya Ls Eb de 
=> tee AG ECOLE Sand bè akdi ri 
Lap ane eig i ke Pr tal JA a 
maA CAT AG 
baa ba o e ra PS EAN qu A ae 4 
Å > o AG AS EST EN Er ATE KG 
oo as a o ido ci OG ALT LISTE 
CERCLE LEE Rp AN ag: Da Lac né bot pe Adj rie Å ng À 
ag ay peli søt S KA ar NG AA 1 
























































ner u... À 

ri ha te te te ad too ht RE RE PCR HA HUIT 

CRTC pa tr Ur hi ng Ly up S pe PL LUY "ri 
A me ma. TE tetumu bet nr er ae Aa S» La 

o ae A o a none 

pa o de cs cd pa e ir SE «T pde Ad SUR Len | ja RQ Bit Po px bia NG L Bun e 

por da hade. namen q papal oa al rin ai kt tèt a Ph WA DL LA. | | 
o å ond dk LE PA EL EE ES DANNY CLET kasja, du NG AN, 

w rè te a bit e PAPUA Fa O ta å tn ole TT ea zinās PO LUBAK BE AY "Aa “AL TEA | ai tomy P 
PRE ES pe de A ado e a o å ria at ais tr Arde dad dar Hy Si OSO LJ 
en ran bre] Se ees an cathe aah Loin hela mat pee UD ii a batri en DE eee set pike ASS, kafè ke KC AAS CI I PI 7] 
Lian do Ar da ara ce > PP O e o NA ONE kee ta Ti eldes de da TERRE A OS A outa 
= npma: srp ic kor trer tk at a ka Še PARLE EIRE ie late a Haze nn, a PWE Ad A Ll n 
PITIT kan Jan Sa, no te Rayi NA AP ENG PAA Apa sen A Na RAN OU RW ae ra Ta a bad a tee VÈS A kaiba. n ģ 
er en bell en TC ob se a Aa a A CREER 7 tumors su [ 


e NA LATE I ARAL ido Ir ET FRI re l dada JW l 





A pe 
in a he a Ni ho lapiro kapagod LE ia PA bip A Å da kek a AT AL TONÈ PT m sū CO AL R Tr ee 
Mia c a pA Det rt nt LL EL Ap MA i OK LE PET ECS CES PO SR hier TES dq sa 
im io o mai o ENS Ne PR ENT RS mad fs MWA luv a m, . IL 1% ww sa 
ESS TEN Paan erte ba re de evo å vin to on pi dirst. To de oho, N 7 "æn 
eden tape lam på sd > ete bete A, eg à RL Perez 77 71 Pts ta tr: UT PS GAN NE UGE EO NP PS LES vou Tr . Reg 





er i, ter to a ai D ne eg GIS ANT TEE" 
` 



















































































































































































Le RL A ba PET N a, Ihda e A yi 
Lala ear AO ik tees eee Far no dr td kn Få + Le NE LL ye LE TT SENS Er A TES LT FL 
ad feder ør aid ik defan a to ka rape I nt re da tt DIVA ws ar ty PA are heade te NT LT PE 
sole edu ene dd MTT EN menpa z. Irig a UI HJT Fa i LE | ennen me -Aavo A ar a PETE IV #ufs Pah a vw 
dy a PAPA rt oi a bi shikon dai a D a PS A EG GS LN CT Bbl kada DL dites e AS y qe ra a Yo. å å ae 
sirius e di De Le tree) mr GA et a TES ET MEL a E Qi in rc An re teten eh ra che pun ' mt, os ne La $ # vir 
pig sah an a lè kali) OR TS eur ode bi hale Ge me tå "m fo aaia Lasia i Li laka Ke KOY td. Ars. lec One K, R Vt la . oy d ana dy Ev p g ia CA i 
a. ld is m Mo bo A late Lar Zr wre BER EEE ee gran id aL KALO LA AL nr TELT. n FIM». a Li ` CRUE ee » » 
ai ik dan Na kipa ki aa a ri l orde K iv Lidu a a LOL TA BA CORP ETES ser en een A OT EPS d'u e, y ¡97 + ' 1 . 7 : 4 
dreg: bredd o loa a a andre Pana re An BA NAA ad a Rt ee haa ee ET tery ote YO CE LASA CO e > OG 1 L 
ER Se a. Bleu hassen do da di ka kè kan n DE DT RASE TA g A a y WHE Mm ere Ofgem wat fe PT ag ? : Sil Li g a . d 
Ve an ar å See Pat me pose bier Kru An Ka LA yal ban dd A 1 bild uren ft VETT e fu yes ARE | ` * e . A 
rr o en F] SELS LE TA PRET ye pas me par I "Pagan va a p 
a ri ana er ka PA o dilo SÈ ek ld de olde RES OR EN ES a NE poe | ie o... vars 
o ee dd dis Ån os Šu AAA A BB KO A AB D TE le AT ER | U CE g 
en U e a vm ne pai lap a pc gr pal AE CS RL OT a Yo ty Pi ie ee eee yr. EM . L a n . 
PAGPAG BN, n.g 8 ng Shade iter tes à Le o AG pene Post fan O SE Ne gy baa vag ai ED SALL VI ES STAR CE TT" L > de , h * 
an denis ee Pri de ip. sorda deta Md SR a as T rt ir PIE dok ps i Lan AA eks den ka LSS Tv 6 pi n sou k ' 
Ode ee lan mera En is A rer sd kn kadi A Phe tht hd T A i PAET u Pg tø ' 4 ' O l) 
ale AY a ee EN Teer Ldt are en Rv far: Svin \ g e! : DL TNT 2 
ds a iia La in PN a DE ng bra a A ARAA AA 1 5 No . * 
aih ee o TE er nr RE Michell) hal whi bh ta dh the Man SIT YY AA WAY," . 
vasen CA e A AA > q ari a I DE A TELE A ki bid ke va AN ON WA) 1. r 
selene helam a fed ho iiaa iy A kr OUTRO MN ez E de rre O e rut, aio TIK dn Ji RE = < e . . 
Di a tè a aha Apo, Ap ando ck, a, Ka aaa ned Age AS La PT ad HANG ET A ELV O LA. . e ' , n 
heat copiada A crio å kona leter hode kn TP TOU ar a eh tie Lo Si 5 bo Al ~~ Li ' pi el 
ua dte i aa er konpote apot aa deres as LA PE Bi bat LAZA KA L ion LL Te DER n 2 en L 
e dis TS Pon té a epè pa-p di ky Panid ad i dar dd kk nèl A ii Li A KE ne Pa " Le n 4 
e nd BLEER PUR ne Beads ` DL PEG ye E e CLP LRO RTE TT CO TES aki r Y 
Fen. mwa ya sp an iii ike tende dn Mires Dd id Shoal hock eigen wur ae we ba-li A fi ALTA à, oc 4 t i L ' ' t 
mon ia A ch.) page ber ng ii la a tons he aa NN Pl * OE å vo fee + "an ao vev ` f Li = PE 
ety Updating sg PO rader ar br Fn Al a Te a a Jail ka JA YO KÈ ay DELL RET SE A U k NM P J 
DD dede tie Phe’ edt hd Pete ka eder de hd Kh pia aT Fade, Bd MLG de Ke IT dd Anden ung ann 4 wè nt 9 . år MG vå i ' L a 
Di TS LT NN der IN y PO ASA ARA ro Mobil Ni ki TA A ve one y Cats 4 L å ‘ ' 
èn, La mar. kok ke Mka ii Aa re, Cu ka kah Ja da den a LO A a PULE OT TOO KU AA ba ka de ka m ALLE ke LÒ PTE vat | v kaa ka MO To sö! È as pi C Nr © ' 
naka manas bai ibibida IE LR a er PLA arie Miri de ket Arr Id, o TTL AT LL TEL pote VOIP Ni kin atann da a PEN KE AN A a al pr ge Li ia 3 x , Le * t 
A ag m ed Nag arap a NG NG Pan GP bind ta LUN IVA pro LAPEN EN tt LT ES mn amor te pr y x L $ 
e a e a kd io pad ek a O KE AY er dns Da rd RD RAL ake DR PCT ET PR Adele, do LITE he YON) ALI LEE We e ir le to i 9 
kuģi DAL O a RA Te u dd ude TTR EI NPR hake KO KOT) w LITE EU ULE CM rude, sg te rpms Pot ? e dv 6 ry bathe Sok Se s N la 4 tu 
a n TAN da L dy beni D es el RATE deci dd dd Jen DL ALU RAS JA ble a AT MAN Mb Ll o di dd A KS J od a8]. W ur ét å Pr n CE CEE L d 
Pa a ns Pia ba a a a el] de re ten dan, BL NANG TONG SARRI NEE Ea Beki. CEL SA AL ee å ED, ta e. 7e ‘ 
ber de priy pp tas tet, n de Per ke hae E la DNS Les des DL DOCTEUR Le MS DĪ PPT DT PEG AT a Te Th Ads LAS E Ute v DR tv bat 1 T 
a ng BA kag a ang ng en ta La ka kè et take As os PB ay AA Lis Le de et ee KG «wi No so v av i 
tb byg AS ONU a PTE EE aah ai TA aa Na Tala ren eat ts K e MEC s uye s "Nh fs L 
td rd boder hen kak aie Le ka ne oe Le Ce Kag AN LT A LD Bèt dayè Thai, TÉ DRA ee he A da LS bibid. Monk et MET STA ri s Mi m A "A f ` å L 
li rs Je tb fal it} i dødd A ALĀ DILA PO Ta LA ELI Jo M Jo ki ka kal. ji hk å dd vem ki AA bable he ie ML CRE FL F BY Li wi, b , På x e 
mar Naia BURN baaa ro Ada zo dolido dy lle Lcd PODIAS O dett å OT ROA AA Y GAP o, O A y e ey “a bbw? 3 . 
LS a ST tn IE CUAL NIRO LE SL TS pd nat o Mira Sea Diana ALL. ELA HOU Yi. Yè LI YO Ca ads. ca ME "er Y te a ‘> Yu, 
. LAA en Ba LL Pd is AE km l Lidu Ta tee eke BAe td de sik a a di Jik tende ki bi kāds. Aleks LOS Kles FLE ree Pin MAYI, ni e ' 
sa abi Paa mank A Zaka LA kI ye ven e bio Mika A Ala ki ki kib dra OR OS ERAT TYPEN ANG add si A e é EE «wo era a ' e 
- by ba ta dele be Lea dl hens be baya AA AA PG IA ala Ti PG BASE UTANG o nwi [dale Ba ana e m De ey rer t,” ne a LY V V “at! 
OL PETWO ee tini ån WIN at T a ik PAO UNA IE STE ZEILE bk Aki Ak a LL EST SOS NOR er ORIG ÅSE Yi VO 2 a^ 1 1 a 4 
ret bd PA ER EE dei iris tai GATA ALE ide al is EE EC AA e dal Va NOM OWA. AZI g) 10% * # w, 
led sete Deo hee Serra ās ata vert SRO Arī sk teh hie Menthe th add te deb dp th Shad ia tn Laue LAY Gh kek ie nk ec a AA to | PY ts ETA A OUT MA N n ba pre a 
YN ir id edo Midis e de da da PET TEE e EPA TO dte IG VE dt KE ro an TER n KUKS A "eae 4 
dr dör RE lo AIN A us Yet db idet Aden dan, Afrika rr UTE E e ACUISTA O rr ari ver ET tp a a a 3 a . 
N br a n an wan la UE ON Be dedi STE D LP Re ti Io dreid iden de dar i E ear vr. taa e n n 
ma o kk ieh o ped nd LEN Bo té ses de Meri data. m Ok W IA aera Å rv, Ad ta . n ' 
a id da ke ke KR WII ki oa ka sk ei E noie fete tal bd ad a ey od ae tee Kt Bat wes ba ba Di LIITE 1 MP» OT ba j 7 
UDI DO IDIOTA Y PETE aim 4 Tal Mh ak A a Ek re oe deln Kaka an KET a Yu ] sv 
re re a aa ba PAR Mahabang Pag kapa Ka SA ae eth ek ta Sel bt eT kod ie rek RAR AO PRE DE DITES vun... Ar en ANT où 
A TIP TGA a vane w pa Lah A ee a ds dla STEDE M RER 4* wet Vey u rs . L Fr: 4 
PANG o ga boli sd hotel ABA GAL BAGAN TABON TATA AA Lian de Edo EAN td ria rd da Ker WEE BG? “BA a e ee EL v n A 
o o nd br big tn bite it AN AL NUL eel uk aa ta hot oat ie a CPR PET Eee V kt x 06%. r, NT cotos e n um, 
a DUETS Vai ba TA LA KA EE rd EWR TIEREN a a NG TAGAL AA NG da a IE MI js ida MAGETS "4 7% tou n O x T v 
ban oro de e AS EL DUT AUTOCAR ICA AR abel LE HL kit tia dhe de o el ar o IS ied åk ic en K a a. vu aa « MEL. e1 JG ' 
Le EE AL TRS TE E a AA lā ko JJ KA i A as als a Y Ra MA dl El AL de nd ea’ N to "ti < n T 
TT SE RTE PUS A AL LD bd Må IR Pwo a PEA AA Na AA GA RICA APA A "à ELLE + vea 4 
CEE pee pt hd RARE TETE OO TP TE tote RES NES CS NPC EE PO A A lg av y v 
BEE En Et RE Leb ee TER Patti Aal] a A dd M RARE RE AUD AT NET > ' 
prono di-l ti biel dips ty id a AAA KA LÈ DO] pelea TA peih KA TĀ a didi ki Ja JS Ju, ER rd at) va ; ' 
A A ire en LRU LD UOTE RAA EE TA TS MEAN O, ad Ji. ” 
PARROT PV bici de dad vid tre kai. Ali T a EO My des udi EE 
rd iii Ni andi fk S Ki ks al ii ed bade Ak Le TR PAET Vg VIP OT a KP GP ti R 4 d Li 
amd dn be Bwe Aid aaa kan sa, Makak RIA DL PE ET ALĪ TA) Mois tn inti Ta SOB te ehh bho ad TALE Aa ON Ir gai Pau ve ý pw n 
Pa ctra jad dd dd] bai ON bi Mā Eee LA es KTA AG ALALA LGA TE EEE PT ET SAA > i e 8 å i 
mrd dr daa a a a LA Ze DOL) paper da dad de ha cr Ud br IA å å FLAA of cl Losa ME bi FR VE AA Ar n 1 ' a e n 
AG PUNA SASA BEE TAS wur AA ba e ao da LI kal te a). Ea A à CAL NOR K? Ka TETE CRE L 
g deko ana kd a diia lid RL da ASÍ FER ET vs blak Lak Yé PA Ad KA toke ak A AN koka ei Aaa AL AER ° n A 
da aka Dr TEE LS ja ULL ki la YON RE su ST eus Dur på pe å FØR å Å FIR CARGADA id i Fl MAG ' ix 
eg LIL EL ETES Tee mia anda ba ala EIER AO EG PATE Sa TE NOT ' 
baies Don Lie. CLÉ CET re T Ge SANT EG DA AN EN RC ST EU OT SL en ' t 
tè wu LT «ré gren van a in DEN PTE ee TER Re JS Li es 17 D PAY D YO 
sn La, Ai Y KA AAR! Le dan AA TA a kb Ad Må LLA A ET ao E 
TUSOK SA hendte hd Le uk år Åp DÅ TIO UY OD PRAN AN ka Da toe IO Aa ae e e 4 ‘ 
atabs Le re A EA ISA KU kā A apm aij e sal Phat AO rn a) md ein arme 
A TS ses ile eds on ki.) hd Ie yya ABALA oyo kai MA A a AA Zò ni lè di mè N a 4 
A AT 7 F719, TREE IIA AO AURA AAA KALAT ta He Å ea nn 4 a GER G 
a n n TK L pita ag ba gap dā ket Meir TS A AAO NG a dia. bi kaka Le 
qe ei a oi Pt eg du RS EEE | synd O fe ART RH CAL De L 
tn TOU AU PAEA NAPAA a Di LUN Pet dat, keyi AL o rd DL SEE TE ER Be et ea 
bd dol dto dí Mk hk ales ce de E TS Sot Li ot le fa dè kai da. bè LA bk kreert Srl KA Ad TRE Ka TATA O Payen 5 
a Lcd toral LDL POP ITA HA R T: Che Pitre atte TESTER ra re tn FPU" EN i 
Ke Ka a ALL fun KD ng rf CELA FOR MY DIM AULA A Ir OR ARANA ES TP LE 
tnt 7 CEE TA EE ALT EME MO Aa RIT DS DR UT OLLA Y GAPAN by 
ni id dd dd dd TEE RETZ STE æres TR TEL NAME ai nio JAY L 
kitan a it Ja ki. Sat Jo oi, pg (D de od sett ad db fin bh Wh id POA hs san kè, PP) Ja PAT des kf n pi 
rs od ii si A thon et te ki ft oe ki do di ie nt TA kask kn te ADO E y MA A we rate li y 
ma nn a qu AY Nana MA KA ALI 1 Oa FÅ LIB LAG aa Medd bite td ok Ka) ' , y 
Pira eri RS ER BALA a a MIA DEN NS Reo rm: e A kid 
maiba aan Ga IG ASI vadi CE I A Aha kak dd UUPA NE LA kara. ES o a 
otre LA la Jå ad GARN Ad red za Y A vaka an W 7 f .. ' 
is CTA ir paaa DEAN A M "V esha Hy meee rv 
La, ka eu LL A ` d a E AH C 
Sad de rd vise e W ki tt ai Vote ER a iia D wur HK AU Are: RA 





evo 


